A sthma is the most common chronic disease among children in the United States, currently affecting about 8.6% of children (aged < 18 years) or more than 6 million children. 1 According to the Centers for Disease Control and Prevention, Massachusetts has the highest current asthma prevalence in adults of all states in the United States. 2 It is also among the highest in percentage of children with uncontrolled asthma (41%), which is associated with emergency department (ED) visits, hospitalization rates, and absenteeism from school. 3 Previous research has established that exposures to endotoxins and indoor allergens commonly found in urban home environments, such as dust, pests, pets, and mold, are strong risk factors for the development of childhood asthma. 4, 5 Therefore, the National Institutes of Health recommends the control of environmental factors as a needed component of asthma management. 6 There are significant disparities in asthma burdens among demographic and socioeconomic groups. Higher asthma prevalence is commonly found in minority groups such as Blacks or Hispanics, and in populations with lower socioeconomic status. 7 In addition, Black and Hispanic children tend to have more severe asthma and lower utilization of preventive medication than White children, even after adjustment for socioeconomic status. 8 However, there is evidence that asthma disparities can be substantially reduced by comprehensive care, both through the health care system and through home-based intervention programs. 9 Numerous asthma intervention programs have been developed throughout the United States based on clinical and environmental intervention studies. Many of these programs have been shown to improve asthma outcomes in children, 10 especially those conducted by community health workers and focusing on home-based interventions. [11] [12] [13] However, studies to date have mostly focused on clinical outcomes, whereas few have examined these programs in practice 14 or compared the efficiency of environmental interventions among different programs. There are several completed or ongoing large child asthma intervention programs in the Greater Boston Area, Massachusetts. Among these programs is the Boston Asthma Home Visit Collaboration (BAHVC, 2010-present), which convenes the asthma programs serving Boston residents, including the Boston Public Health Commission Asthma Home Visit Program (BPHC), Boston Children's Hospital Community Asthma Initiative (CAI), 9, [15] [16] [17] and Tufts Medical Center Floating Hospital for Children Asthma Prevention and Management Initiative (Tufts). There is also the New England Asthma Innovations Collaborative (2012) (2013) (2014) (2015) led by Health Resources in Action/ Asthma Regional Council of New England, 18 and New England Asthma Innovations Collaborative's New England Working to Reducing Ethnic/Racial Asthma Disparities in Youth (NEW READY, 2010-2014) program led by Health Resources in Action in collaboration with the Boston Medical Center (BMC). These programs vary in specific goals, populations, and inclusion criteria, but all aim at improving asthma outcomes and reducing environmental asthma triggers in homes, and utilize community health workers to provide home-based asthma education to parents of children with asthma in a series of home visits, with a shared interest in reaching out to different ethnic/racial and socioeconomic groups to reduce disparities in burden and care of asthma.
As a quick and simple approach to quantitatively assess home asthma triggers collected during home visits, the Massachusetts Department of Public Health developed the Environmental Scoring System (ESS). 19 It is a composite score ranging from 0 to 6, a sum of 6 indicators each representing 1 of 6 key asthma triggers-dust, mold, pests, smoke, pets, and chemicals-with a lower score indicating fewer asthma triggers present in the home. Each indicator is a binary score of 0 or 1 based on the parental report of exposure to a trigger and the community health workers' observations on the evidence of the trigger in the home. Preliminary data from the Massachusetts Department of Public Health showed a significant decrease in the composite score at the end of the visits from baseline, 19 suggesting the potential value of this approach. However, given the large variability in the implementation of specific asthma programs and design of survey questions to collect information on asthma triggers, it is unclear whether ESS would be a good approach for measuring environmental triggers and predicting asthma outcomes across different programs and populations.
The purpose of the study was to prospectively evaluate ESS as a new tool for applicability and to predict validity across several different asthma programs in the Greater Boston Area. All programs share a multisession home visiting model to identify and decrease environmental triggers. The diversity of settings, staffing, populations, and administration across these programs provides an opportunity to test whether the ESS tools have broad applicability. To evaluate the use of ESS in these settings, we summarized and compared demographics of populations under all asthma programs, and applied ESS to construct environmental scores (ES) in each data set. We then summarized changes in ES in each of the cohorts. Finally, we examined correlations between the ES generated by these different programs and outcomes related to status of asthma management, including Asthma Control Test (ACT) and ED visits. Our results can provide valuable insights for future intervention programs in large cities and improve our understanding of the associations between environmental triggers and asthma outcomes.
METHODS
We compiled 6 data sets of BAHVC (2 each from BPHC, CAI, and Tufts) and 1 data set from BMC (NEW READY) for statistical analyses both within and across programs. Each program within BAHVC aimed for 3 home visits and used a standardized set of core questions developed collaboratively by the programs, whereas BMC aimed for 5 home visits and used its own survey instruments, but all programs collected data on key environmental triggers. Therefore, we performed data analysis for BMC separately and included the results in the material available as a supplement to the online version of this article at http://www.ajph.org, together with a brief description of these 2 questionnaires. All questionnaires used by the programs were designed to obtain information about children (defined as aged between 2 and 18 years at enrollment) with asthma (referred to as "participants" hereafter), although they were completed by the parents or guardians. Home visitors from all the programs attended a standardized training offered through a community health worker training center, and environmental walkthrough was practiced as part of the training.
Calculating the Environmental Scores
For the BAHVC data sets, we calculated total ES as the sum of 6 binary scores (i.e., mold, pet, pest, smoke, dust, and chemical scores), each of which we defined as 1 if any of the questions related to the presence of that environmental trigger were checked and 0 otherwise. Among the 6 scores, we based smoke and pet scores only on selfreported questions as they were not included in the Home Visit Observations form.
To evaluate the contribution of selfreports versus home observations to the calculation of ES, we also calculated ES by using home observations only for indices based in part on direct observation (ES obs ). Specifically, mold, pest, dust, and chemical scores excluded information from the Resident Report and only included information from the Home Visit Observations form. We then calculated total ES obs as the sum of the 4 updated scores and the original pet and smoke scores (which only relied on self-reported data). Detailed information on how to construct the ES is included in the material available as a supplement to the online version of this article at http://www.ajph.org.
Data Analyses
We used total ACT score and number of ED visits in the past 6 months as our primary asthma outcome variables. The ACT is a commonly used test 20 for determining if patients' asthma symptoms are well-controlled (ACT > 19). 21 The ACT score was derived on the basis of a series of 6 questions on the severity of asthma symptoms over the past 4 weeks.
We calculated demographic composition (in percentages of population) from each data set regarding age, ethnicity, preferred language, and parent education. We calculated mean and standard deviations of total ACT score, ED visits, and ES at each visit for each program, and we tested the statistical difference for each outcome variable between visit 2 or 3 and visit 1 by using the Wilcoxon signed-rank test. To determine if substantial selection bias arose from loss to follow-ups, we did these analyses only for participants who participated in all visits as well as for all participants.
For the merged BAHVC data set, we regressed total ACT score against total ES or ES obs by using a mixed-effects model, in which a participant was designated as a random intercept to account for withinparticipant variability over visits. The model either only accounted for visit and program (unadjusted model), or additionally accounted for age, race/ethnicity, and parent education level (adjusted model). We tested a program-by-visit interaction term in both models to explore and compare trends over visits in each program.
We performed all statistical analyses in RStudio version 0.99.902 with R version 3.3.0 (R Foundation, Vienna, Austria).
RESULTS
Demographics for all participants varied across programs (Table 1 ; Figure A , available as a supplement to the online version of this article at http://www.ajph.org). Overall, there were fewer preschoolers in CAI, a larger proportion of Asian participants in Tufts, and higher percentages of Hispanic/Latino or Spanish-speaking participants in CAI and BMC. Parent education levels for BMC participants were the lowest among all data sets, followed by Tufts participants.
Demographic patterns among participants who stayed through all visits were generally similar to those among all participants (Table 1 ; Figure A , available as a supplement to the online version of this article at http://www.ajph.org), suggesting little bias attributable to loss to follow-up. Among all programs, Tufts had the highest completion rates, followed by CAI. The better completion rate and higher proportion of Asians in the Tufts program may be because it was located within the Asian clinic, which facilitated translation and other services for Asians.
Trends Over Visits
Among all participants, total ACT scores on average increased over successive visits, whereas ED visits and ES generally decreased (Figure 1 ), suggesting the effectiveness of asthma interventions in all programs. However, the magnitude and statistical significance ( Table A , available as a supplement to the online version of this article at http://www. ajph.org) of the changes varied among programs. Over the 3 home visits, the increase in total ACT score was significant (P < .001) in CAI and Tufts but not in BPHC (probably because of BPHC's small sample size), the decrease in ED visits was significant (P < .001) in all programs, and the decrease in total ES was significant (P < .01) in BPHC and CAI but not in Tufts. In CAI, total ES increased between visit 2 and 3, suggesting that some triggers might not have consistently improved over the course of the study.
The significance of changes in total ES was primarily driven by the mold score in BPHC and CAI, indicating that some indices, particularly the mold score, may better characterize the reduction of a trigger or an effect of the program, which may be related to the way the questions were formulated. Nevertheless, total ES was able to capture the overall variability in environmental triggers over visits regardless of the performance of each individual score. In addition, most scores in CAI showed significant changes over visits, indicating that the performance of all indices may improve with a larger sample size.
Among participants who participated in all visits, the trends in total ACT score, ED visits, and ES closely followed those for all participants ( Figure 1 ; Table A , available as a supplement to the online version of this article at http://www.ajph.org), again suggesting little bias attributable to loss to followups. Despite the substantial reduction in sample size, differences over visits remained significant.
The percentage of participants with well-controlled asthma also increased consistently over 3 visits ( Figure B , available as a supplement to the online version of this article at http://www.ajph.org) except in Tufts, which had a trend similar to the total ACT score and decreased slightly after visit 2. Those who participated in all visits followed the same pattern, except that in BPHC a much higher percentage (38.9% vs 25.8%) of these participants already had well-controlled asthma at visit 1.
Environmental Scores From Home Observations Only
On average, total ES obs was 2 units smaller than total ES-that is, self-reports combined with home observations generally included 2 more triggers than home observations only. This was mainly attributable to fewer questions contributing to the scoring of total ES obs and reducing the likelihood for a score to be 1. Moreover, total ES obs showed more consistent decreasing trends over subsequent visits than total ES (Table B and Figure C , available as supplements to the online version of this article at http://www. ajph.org), especially in Tufts and CAI, suggesting that it may be a more responsive measure of the intervention effect.
Outcomes Stratified by Demographics, Visit, and Program
Average total ACT score was significantly higher in children aged 9 to 13 years, and lower in preschoolers and adolescents (Table  2) . It was highest in Asian participants (20.4) and lowest in White participants (15.2), and varied little over parent education levels. Over the 3 visits, total ACT score increased steadily from 16.4 to 20.5. Among programs, average total ACT score (across all visits) ranged from 13.1 in BPHC to 19.9 in Tufts. Only CAI and Tufts showed significant increases over visits, although BPHC had the lowest total ACT score at baseline.
The number of ED visits generally followed patterns consistent with the total ACT score but the differences were not significant among age, race/ethnicity, or education groups. There were significant differences in ED visits among the 3 programs at baseline, but all 3 programs showed significant decreases over visits.
Total ES and ES obs had similar patterns across demographic groups. There was no significant trend among age and education groups, but White participants had significantly higher scores than the other race/ethnicity groups. Total ES was significantly lower at visit 2, but no difference was found between visit 1 and 3, whereas total ES obs decreased steadily over visits. Among the 3 programs, average total ES and ES obs were the lowest in CAI. Compared with visit 1 within each program, BPHC had significantly lower total ES and marginally lower total ES obs at visit 3, CAI had significantly lower total ES at visit 2 whereas total ES obs decreased consistently over all 3 visits, and Tufts only had marginally lower total ES obs at visit 3.
Regression Results
In the unadjusted model (Table 3) , total ACT score had a significant inverse relationship with total ES obs but not total ES, with each unit decrease in total ES or total ES obs corresponding to a 0.13 (P = .12) or 0.21 (P = .05) unit increase in total ACT score. In addition, total ACT score varied among programs and was significantly (about 2.1 units) higher in Tufts than in BPHC at visit 1, suggesting differences in baseline asthma condition among target populations. It increased significantly over subsequent visits in both BPHC and CAI, with the average score at Total ACT Score visit 3 more than 2 units higher than at visit 1, demonstrating a large overall effect of the intervention in improving asthma outcomes.
In the adjusted model (Table 3) , total ACT score was significantly associated with both total ES and total ES obs , with each unit decrease in total ES or ES obs corresponding to 0.17 (P = .05) or 0.28 (P = .01) increase in total ACT score on average after we accounted for all other variables, which were slightly larger in magnitude than the unadjusted model. The children aged 6 to 8 years and 9 to 13 years had significantly better health than did those aged 0 to 5 years and older than 13 years. We found no significant difference between White participants and those in other race/ethnicity groups. Moreover, children whose parents had at least some college had significantly better health than those whose parents did not finish high school. The differences in total ACT score among programs at baseline were no longer significant in this model, indicating that they could be explained by differences in demographic composition among these programs. After we accounted for age, race/ ethnicity, and parent education, total ACT score increased significantly over visits in BPHC and CAI, and nonsignificantly at visit 2 in Tufts. In both the adjusted and unadjusted models, the intercept had a large coefficient and was significant, suggesting large residual variability unaccounted for by the variables in the models.
DISCUSSION
In this study, we analyzed data from multiple child asthma programs in the Greater Boston Area to evaluate the applicability of ESS in measuring home asthma triggers across programs. All programs studied showed improved asthma outcomes to varying degrees, and the ESS tool appeared to be implementable across programs, showing consistent trends regardless of program and survey designs.
Our results showed that trends in total ES or ES obs captured by the tool were associated with asthma outcomes and highlighted differences across programs. However, total ES or ES obs presented a very small contribution to the variation in total ACT score, which only increased 0.17 per unit decrease in total ES or 0.28 per unit decrease in total ES obs . This suggests that the increase in ACT score was largely attributable to other aspects of the intervention, including increased awareness through asthma education, review and implementation of the asthma action plans, *P < .05; **P < .01; ***P < .001; P values determined by Tukey's multiple comparisons for analysis of variance with regard to the first level of each variable.
reference to health care providers, better adherence to medication regimens, and supplies provided for eliminating allergens. There could also be changes in environmental conditions not easily captured by the ESS, such as better ventilation and more frequent cleaning. Nevertheless, previous research 22 suggests that ACT changes of 3 or greater are clinically relevant. More than half (54%) of our participants who participated in all 3 visits had an increase in total ACT score of 3 or higher over the visits, suggesting that these programs and improvements in environmental triggers can together provide improvement in this range. Some of the variance in effectiveness across the programs appeared to be related to demographic differences in the target populations. For example, the smoke score was the highest in Tufts among programs at visit 1 and remained high at visit 3. This is consistent with higher prevalence of cigarette smoking found in male Chinese immigrants, 23 who constitute a large percentage of the Tufts participants' parents. Therefore, offering culturally appropriate smoking cessation programs in Chinese may be the most effective way to reduce environmental triggers of asthma in such households. In addition, approximately half of all participants in CAI and BMC were Hispanic/Latino, compared with about 15% in BPHC and less than 10% in Tufts. It has been shown that asthma prevalence and severity may differ among Hispanic/Latino subpopulations in the United States, such as between Puerto Ricans and Mexican Americans, because of genetic diversity and socioeconomic variation. 24 In
Boston, the Hispanic population is predominantly Puerto Rican (28%) and Dominican (24%), with relatively few Mexicans (5%). 25 We did not find any difference in total ACT score between Puerto Rican participants and other Hispanic/Latino participants (P > .3 for 2-sample t test at each visit), likely because of missing information in specific ethnic origin for a large percentage (32%) of the participants. Overall, the demographic variables were important contributors to variability in total ACT score, ED visits, and total ES or ES obs , and characterized the differences in asthma outcomes and environmental triggers among programs at baseline.
Among the 6 scores, the mold score was found to be a key driver of the variability in total ES or ES obs , and represented one of the most significant reductions in asthma triggers from the interventions. This may be because mold was easier to both identify and eliminate compared with other triggers such as pet, dust, or smoking, which require more behavioral modification. Pest and chemical scores were the main drivers of ES variability in BMC (Table C, available as a supplement to the online version of this article at http://www.ajph.org), probably for the same reason. This suggests that future interventions to eliminate environmental asthma triggers may achieve better results if targeted toward these specific triggers.
We found that ES obs showed similar decreasing trends over home visits to ES. However, ES obs may be a more robust measure of environmental triggers as it tends to demonstrate a more significant decrease in cases in which the regular ES failed to capture changes over visits. The visual clues of a trigger usually better represent the presence of the trigger and are less affected by recall bias than self-reports. Nevertheless, self-reports provide extra information and are less costly to implement; therefore, it is unlikely that the added robustness of home observations would justify its replacement of selfreported surveys in future programs.
Limitations
Loss to follow-up was a common problem across programs. For example, only 35% of the BPHC participants stayed through all 3 home visits. There was no difference in total ACT score at visit 1 between participants who stayed through all 3 visits and those who dropped out at subsequent visits (P = .86), suggesting that the dropouts were not caused by the severity of disease. Among all programs, Tufts had the lowest dropout rate, potentially because of the integration of the community health workers physically and organizationally into the general pediatric clinics (Margaret Reid, e-mail communication, February 12, 2016) . Because ESS performed better with a larger sample size (as in CAI), future research is needed on program designs that would lead to higher compliance. Nevertheless, our analyses showed that there was not much difference in results between participants who stayed and those who dropped out, suggesting little bias from the missing data.
Public Health Implications
The integration and comparison of data from multiple programs collected by different survey tools represents a major strength of this study and provides meaningful insights to the applicability of the ESS. Our analysis showed that the approach of addressing environmental triggers through home visits worked, but only partially, and should be implemented along with other types of asthma care and education, and that target population demographics would make a difference. Given the practical difficulty to standardize survey designs and other elements among programs, ESS would be a useful tool that may be applied broadly to different programs in the future.
